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SUPPLEMENTAL  BEPOBT  TO  FT'C-TR-71-32 
CATEGORY  II 

A-7D/ ARRESTING  SYSTEMS 
COMPATIBILITY  TESTS 

Comments  relative  to  FTC-TR-71-32: 

GENERAL 

Unsatisfactory  Materiel  Reports  (UMRs)  and  Deficiency  Reports  (DRs) 
submitted  as  a  result  of  Category  II  testing  will  be  processed  and  corrective 
action  taken  where  feasible. 

A-7D  FLIGHT  MANUAL  CHANGES 

T.O.  1A-7D-1  will  be  revised  to  incorporate  the  recommended  changes 
pertaining  to  approach  end  engagements,  cable  disengagement,  and  hazards 
associated  with  blowing  tires  prior  to  arrestment. 

HOOK  SHOE  REDESIGN 

The  A-7D  arresting  hook  system  was  originally  developed  for  Navy  A-7 
aircraft.  The  design  was  optimized  for  slow-speed  arrestment  aboard  an 
aircraft  carrier. 

The  hook  attitude  problem  encountered  by  the  AFFTC  during  the  relatively 
high-speed  arrestments  has  been  solved  by  redesigning  the  shape  of  the  hook 
shoe.  Retrofit  of  all  A-7Ds  with  the  improved  shoe  will  be  accomplished. 

Additional  flight  testing  of  the  A-7D  arresting  hook  system  is  unnecessary 
as  the  effect  of  altering  the  hook  shoe  geometry  is  predictable. 


H.  W.  STONEBERGERy 
Colonel,  USAF 
A-7D  Program  Manager 
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FOREWORD 


This  report  presents  the  results  of  the  Category  II  A- 7D/Arresting 
Systems  Compatibility  tests  conducted  at  the  Air  Force  Flight  Test  Center, 
Edwards  Air  Force  Base,  California.  Seventy-four  tests  were  completed 
between  23  March  1971  and  11  June  1971.  These  tests  were  conducted 
under  the  authority  of  T'FFTC  Project  Directive  71-16,  dated  4  September 
1970  with  an  AFFTC  priority  of  31  and  an  Air  Force  Systems  Command  pri¬ 
ority  of  31A. 
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ing  tests  are  also  acknowledged. 
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ABSTRACT 


Seventy  successful  arrestments  of  A-7D,  S/N  67-14583,  were  made  op 
two  operational  Air  Force  aircraft  arresting  systems,  the  standard  BAK-12 
and  the  BAK-13.  Thirty-three  arrestments  were  made  with  the  BAK-12,  and 
37  with  the  BAK-13.  As  a  result  of  six  approach  end  engagement  arrest¬ 
ments,  changes  in  the  Flight  Manual  approach  end  engagement  procedures 
were  recommended.  Runway  centerline  engagements  were  made  at  aircraft 
weights  up  to  42,000  pounds.  The  maximum  engagement  speed  was  167  knots 
at  an  aircraft  weight  of  33,000  pounds.  Off-center  engagements  were 
also  made  up  to  50  feet  from  the  runway  centerline  using  a  190-foot  span 
between  the  runway  edge  sheaves  of  the  arresting  systems.  Aircraft  con¬ 
trol  problems  were  not  serious  except  for  50-foot  off-center  engagements 
with  the  BAK-13.  Test  data  indicated  that  the  design  limit  hookload 
would  only  be  approached  at  engagement  speeds  in  excess  of  190  knots  for 
both  arresting  systems.  Four  tests  resulted  in  missed  engagements  due 
to  a  combination  of  poor  hook  shoe  attitude  and  poor  cable  dynamics.  A 
change  in  hook  shoe  design  was  recommended.  The  cable  dynamics  problem 
occurred  with  the  rail  type  arresting  cable  supports  when  the  A-7D  main 
gear  passed  between  the  rails .  ^JFurther  testing  of  polyurethane  rails  was 
recommended  to  determine  optimumT's'pacing  for  use  with  the  A-7D.  ^Except 
for  the  aircraft  hook  shoe  design,  the  A-7D  proved  compatible  with  each 
aircraft  arresting  system  using  donut  type  cable  supports.  There  were 
no  failures  of  the  standard  BAK-12  or  the  BAK-13  arresting  systems. 
Although  not  tested,  the  extended  runout  BAK-12  was  also  considered  to 
be  compatible  with  the  A-7D  aircraft  based  on  results  of  this  test  pro¬ 
gram. 
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INTRODUCTION 


The  A- 7D/Arresting  Systems  Compatibility  tests  were  conducted  as 
part  of  the  A-7D  Category  II  Follow-On  Systems  Evaluation  Program  (FSEP) 
test  requirements.  The  purpose  of  the  test  was  to  determine  (1)  if  the 
A-7D  was  compatible  with  both  the  standard  BAK-12  and  the  BAK-13  arrest¬ 
ing  systems,  (2)  if  the  A-7D  hook  subsystem  was  functionally  adequate, 

(3)  if  the  hook  subsystem  was  structurally  adequate,  (4)  reliability  of 
the  hook  subsystem,  (5)  aircraft  maintenance  requirements,  and  (6)  to 
validate  the  techniques  for  accomplishing  both  runway  emergency  and  ap¬ 
proach  end  engagements  as  specified  in  the  Flight  Manual,  T.O.  1A-7D-1, 

15  June  1970,  changed  1  January  1971  (reference  1).  A  discussion  of  the 
compatibility  of  the  A-7D  aircraft  with  the  extended  runout  BAK-12  arrest¬ 
ing  system  is  also  included  in  this  report. 

SYSTEMS  DESCRIPTION 

Aircraft 

The  test  aircraft  was  an  A-7D  Corsair  II,  S/N  67-14583,  (A-7D  pro¬ 
duction  No.  2).  The  aircraft  was  equipped  with  a  production  arresting 
hook  subsystem  which  consisted  of  a  stiff  shank  hook,  replaceable  hook 
shoe,  a  hydraulic  snubber  to  keep  the  hook  on  the  runway  during  use,  and 
an  operational  hydraulic/pneumatic  actuator  system  to  allow  the  pilot  to 
raise  and  lower  the  hook  from  the  cockpit  (figure  1).  The  hook  assembly, 
P/N  215-44020-1,  had  a  design  tensile  strength  limit  of  116,000  pounds, 
and  the  hydraulic  snubber  actuating  rod  end  had  a  design  compressive 
strength  of  21,500  pounds.  The  ultimate  strength  of  the  hook  was  187,000 
pounds . 
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The  A-7D  was  tested  against  the  standard  BAK-12  aircraft  arresting 
barrier  and  the  BAK-13  Aircraft  Arresting  System.  The  standard  BAK-12 
is  in  common  use  in  the  Air  Force  as  an  emergency  arresting  system,  and 
the  BAK-13  is  an  operational  arresting  system  in  limited  Air  Force  use 
at  this  time.  General  characteristics  of  the  two  systems  are  given  in 
table  I. 


Table  I 

ARRESTING  SYSTEMS  SPECIFICATIONS 


Arresting  System  \ 

Standard  BAK-12 

BAK-13 

Mode  of  Operation 

Emergency /Operational 

Operational 

Type  of  Installation 

Fixed/Portable 

Fixed/Portable 

Type  Energy  Absorber 

Rotary  Friction 

Water  Turbine 

Energy  Capacity 

65  (106)  ft-lb 

85  (106)  ft-lb 

Acft  Design  Weigh t 

40,000  lb* 

50,000  lb* 

Acft  Runout 

950  ft 

925  ft 

Arresting  Cable 

1-1/4-inch  diameter  non- rotating,  18x7, 
improved  plow  steel  wire  rope  with  an 
independent  wire  rope  center  (IWRC) 

Arresting  Cable  Design 
Breaking  Strength 

125,000  lb 

125, 'J00  lb 

Arresting  Cable  Operating 
Limit 

75,000  lb 

75,000  lb 

Minimum  Taoe  Design 
Breaking  Strength 

105,000  lb 

125,000  lb 

Tape  Operating  Limit 

63,000  lb 

75,000  lb 

"This  weight  gives  the  most  ideal  aircraft  hookload  versus  runout 
distance  characteristic,  but  it  is  not  the  maximum  aircraft  weight 
which  can  be  engaged. 

BAK-12  Aircraft  Arresting  Barrier. 

The  standard  BAK-12  Aircraft  Arresting  Barrier  (T.O.  35E8-2-5-1, 
reference  2)  was  a  rotary  friction  energy  absorber  with  an  aircraft 
runout  of  950  feet.  The  BAK-12  arresting  engines  and  fairlead  beams 
were  installed  on  the  runway  between  the  test  site  equipment  pits  (figures 
2  to  4  and  8) .  The  arresting  system  components  were  secured  to  tiedown 
strips  which  are  integral  parts  of  the  runway.  The  span  between  runway 
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sheaves  (fairlead  beams)  was  190  feet,  and  the  split  distance  was  58 
feet  for  the  test  installation.  Split  distance  is  defined  as  the  dis¬ 
tance  between  the  tape  leadoff  sheave  at  the  energy  absorber  and  the 
runway  edge  sheave.  The  nylon  purchase  tapes  were  connected  to  the 
arresting  cable  with  BAK-12  tape  connectors. 

BAK-13  Aircraft  Arresting  System. 

The  BAK-13  Aircraft  Arresting  System  (T.O.  35E8-2-7-1,  reference  3) 
shown  in  figures  5  to  7  was  a  hydraulic  dynamometer  through  which  braking 
was  developed  by  a  fluid  of  40  percent  water  and  60  percent  ethylene 
glycol  composition  resisting  the  motion  of  a  bladed  rotor.  The  nominal 
aircraft  runout  with  the  BAK-13  was  925  feet.  The  BAK-13  arresting  sys¬ 
tem  tested  was  modified  by  a  series  of  Engineering  Change  Proposals 
(ECP's)  to  correct  deficiencies  including  some  which  were  believed  to 
have  resulted  in  tape  failure  during  earlier  tests  and  in  field  use. 

ECP's  incorporated  were: 

ECP  No.  Description 


21439-30R  Add  stationary  support  for  upper  reel  side  plate 

21439-32R  Install  wear  strip  with  rivets. 

21439-34R  Modify  tig.it  wrap  roller  arm  hydraulic  system. 

31^39-35R  Install  new  extended  lube  fittings  and  modify  tight  wrap 

roller  arm  to  provide  more  clearance  between  lube  fittings 
on  roller  arm  sheave  and  support  brackets. 

21439-37R  Stiffen  roller  arm  cylinder  Z-bracket. 

21439-39R  Increase  inside  diameter  of  packing  gland  nut. 

21439-40R  Modify  packing  gland  seal  retainer  and  washer  to  facili¬ 

tate  removal . 

21439-42R  Bolt  redesign  to  eliminate  minor  shifting  of  deck  sheave 

assembly  on  its  base. 

21439-45R  Install  improved  design  lead-on/off  sheave  assembly  to 

reduce  possibility  of  tape  dive. 

21439-46R  Undercut  inside  of  side  plates. 

21439-48R  Chrome  plate  diameter  of  tape  reel  hub. 

The  BAK-13  was  installed  upstream  of  the  BAK-12  as  shown  in  figure 
8.  The  span  between  the  runway  sheaves  was  190  feet,  and  the  split  dis¬ 
tance  was  105  feet  for  the  test  installation.  The  BAK-13  used  the  same 
type  of  arresting  cable  as  the  BAK-12  (table  I) . 

Cable  Supports . 

Three  types  of  cable  supDorts  were  used  to  investigate  wave  propaga¬ 
tion  and  dynamics  in  the  arresting  cable.  These  were  polyurethane  rails 
(NAEC  P/N  613572-6)  at  18-foot  intervals  except  for  the  two  center  rails 
at  a  14-foct  interval,  standard  Air  Force  donuts  (FSN  17100169067)  at  5- 
foot  intervals,  and  heavy  duty  donuts  (NAEC  P/N  419509-1)  at  12-foot  inter¬ 
vals  (figures  9  through  11).  The  polyurethane  rails  were  used  on  35  test 
engagements  with  the  BAK-13.  Standard  donuts  were  used  on  20  test  engage- 
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Figure  I  BAK-U  Falriaad 
Tnfcing  and  Runway 
Edge  Shear* 


APPROACH  DIRECTION 


not  reproducible 


Figure  11  Heivy  Duty  Demit 


TEST  INSTRUMENTATION  AND  PHOTOGRAPHIC  SUPPORT 

Aircraft  and  arresting  system  parameters  were  permanently  recorded 
on  magnetic  tape.  An  Inter-Fange  Instrumentation  Group-Frequency  Modu¬ 
lation  (IRIG-FM)  instrumentation  system  was  employed  for  this  purpose. 

An  oscillograph  provided  quick-look  data  immediately  after  each  test. 

It  allowed  immediate  review  to  determine  if  all  parameters  were  being 
recorded  and  that  hook  loads  and  tape  tensions  were  not  exceeding  their 
design  limits.  Quick-look  data  was  also  used  for  primary  data  reduction. 
Thp  aircraft  was  instrumented  for  axial  hookload,  dashpot  load,  vertical 
hook  oosition,  and  lateral  hook  (side)  load.  Aircraft  parameters  were 
telemetered  to  the  arresting  gear  test  ground  station  and  recorded  on 
magnetic  tape  with  the  arresting  gear  parameters. 
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The  arresting  systems  were 
parameters : 

BAK-12 

Tape  tension 
Brake  pressure 
Tape  payout 
Tape  reel  revolutions 


instrumented  to  record  the  following 
BAK-13 

Tape  tension 

Tape  payout 

Reel  revolutions 

Dynamometer  fluid  temperature 

Dynamometer  fluid  return  line 
temperature 

Dynamometer  fluid  pressure 

Dynamometer  fluid  return  line 
pressure 


Three-sheave  tensiometers  were  used  to  measure  tape  tensions.  Pres¬ 
sure  transducers  were  used  to  measure  brake  pressure  (BAK-12) ,  fluid 
pressure  in  the  BAK-13  reservoir,  and  return  line  pressure  (BAK-13). 
Resistance  temperature  probes  measured  fluid  temperatures  (BAK-13) .  Tape 
payout  was  measured  by  an  interrupted  light  beam  which  counted  sheave 
revolutions.  Arresting  gear  parameters  were  hard-wired  to  the  instru¬ 
mentation  ground  station  and  recorded  on  magnetic  tape  with  the  aircraft 
data . 


A  Chrondek  Electronics,  Inc.  photoelectric  velocity  measuring  system 
recorded  actual  aircraft  engagement  speed. 

In  addition  to  the  recorded  data,  photographic  data  and  documenta¬ 
tion  was  obtained  for  all  tests.  Coverage  for  the  tests  was  obtained 
using  two  16mm,  250  frames  per  second  (fps)  hand-pan  cameras;  one  16mm, 

48  fps  hand-pan  camera;  three  16mm,  1,000  fps  remotely  operated  cameras; 
and  one  16mm,  64  fps  remotely  operated  camera  mounted  on  the  aircraft 
wingtip.  The  handpan  cameras  provided  total  coverage  of  the  engagement 
and  arresting  hook  dynamics.  The  remaining  remotely  operated  cameras 
provided  data  on  cable  dynamics,  hook  impact,  and  hook  dynamics. 

TEST  PROCEDURES 

The  A-7D  aircraft  was  tested  at  gross  weights  of  25,000,  33,000, 
and  42,000  pounds.  These  weights  were  chosen  as  representative  of  an 
aircraft  at  minimum  landing,  medium.,  and  maximum  gross  weights,  respec¬ 
tively. 

Sixty-eight  test  engagements  were  made  by  taxiing  the  aircraft  into 
the  arresting  system,  and  six  tests  were  approach  end  engagements.  For 
the  ground  taxi  engagement,  the  hook  was  lowered  approximately  800  feet 
from  the  arresting  cable,  and  engine  power  was  reduced  to  idle  just 
prior  to  the  engagement.  Pilots  were  requested  not  to  use  brakes  or 
aircraft  controls  during  runout  for  most  tests.  For  the  approach  end 
engagement,  the  aircraft  touched  down  before  reaching  the  arresting  gear 
and  made  the  engagement.  The  purpose  of  the  approach  end  engagements 
was  primarily  to  validate  the  procedures  stated  in  the  Flight  Manual 
(reference  1)  and  to  achieve  higher  engagement  speeds. 
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Fifty  test  engagements  were  made  at  the  arresting  systems  center- 
line.  Twenty- four  test  engagements  were  made  off  center  at  distances 
of  35  and  50  feet  from  the  centerline  of  the  arresting  system.  The  off- 
center  tests  were  accomplished  to  determine  if  the  A-7D  developed  any 
serious  control  problems  from  asymmetric  loading  placed  on  the  aircraft 
by  the  arresting  gear. 


TEST  AND  EVALUATION 


A  summary  of  the  data  is  presented  in  appendix  I  for  the  74  tests 
conducted  during  this  program.  Deficiency  Reports  (DR's)  have  been  or 
are  being  submitted  on  these  tests  as  was  done  on  all  A-7D  Category  II 
Follow-On  tests.  Copies  of  DR's  submitted  for  action  and  an  explanation 
of  the  DR  system  are  contained  in  appendix  II. 

OPERATIONAL  ANALYSIS 

Test  results  indicated  that  the  A-7D  Flight  Manual  (reference  1) 
procedures  generally  were  satisfactory,  but  further  explanation  and 
minor  procedural  changes  were  considered  necessary. 

Apprticb  End  Engagements 

Six  approach  end  engagements  were  attempted:  3  with  a  25,000-pound 
aircraft  and  BAK-12  using  heavy  duty  donut  cable  supports,  and  3  with  a 
33,000-pound  aircraft  and  BAK-13  using  rail  type  cable  supports.  The 
procedures  used  were  those  published  in  the  A-7D  Flight  Manual  (reference 
1) .  Once  the  aircraft  had  landed,  the  approach  end  engagement  ceased  to 
be  different  from  other  barrier  engagements  discussed  under  Centerline 
and  Off-Center  Engagements. 

All  BAK-12  approach  end  engagements  were  successful.  One  BAK-12 
engagement  was  made  with  the  aircraft  nose  gear  approximately  one  and 
one-half  feet  in  the  air.  The  nose  of  the  aircraft  did  not  drop  vio¬ 
lently,  but  was  lowered  in  much  the  same  manner  as  during  a  normal  land¬ 
ing  in  which  the  nose  would  be  allowed  to  continue  to  lower  to  the  runway 
instead  of  being  held  up  for  aerodynamic  braking.  The  gradual  increase 
in  the  deceleration  force  of  the  BAK-12  during  the  first  200  to  300  feet 
after  engaging  the  arresting  gear  did  not  cause  an  undesirably  high  ro¬ 
tation  rate.  One  engagement  was  intentionally  made  with  the  touchdown 
right  at  the  arresting  cable.  A  comfortable  engagement  was  made  at  165 
knots.  (The  A-7D  landing  gear  has  been  designed  for  carrier  type  land¬ 
ings  . ) 

Two  BAK-13  approach  end  engagements  were  successful  and  one  resulted 
in  a  missed  engagement  (see  the  Hook  Bounce/Missed  Engagements  section 
for  the  cause  of  missed  engagements).  BAK-13  deceleration  forces  were 
applied  more  rapidly  than  those  of  the  BAK-12.  It  is  very  doubtful  that 
any  aircraft  damage  would  result  if  the  aircraft  nose  gear  was  not  down 
on  the  runway  for  a  BAK-13  engagement;  however,  it  is  desirable  to  have 
all  three  landing  gear  on  the  runway  if  possible. 

The  A-7D  Flight  Manual  recommended  300-  to  500-foot  touchdown  aiming 
point  appeared  to  be  satisfactory  in  most  instances.  If  a  smooth  flare 
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to  a  gentle  touchdown  is  desired,  there  would  be  sufficient  room  for  this 
to  take  place.  When  planning  for  an  actual  approach  end  engagement  and 
aircraft  directional  control  is  at  all  doubtful,  the  aircraft  touchdown 
should  be  close  to  the  arresting  cable.  Based  on  these  tests,  changes 
are  recommended  for  the  Approach  End  Engagement  section  as  noted  at  the 
end  of  the  Operational  Analysis  section.  (R  1)1 

Brake  application  of  a  severity  great  enough  to  cause  blown  tires 
must  be  avoided  as  discussed  in  the  Aircraft  Braking  section  of  this 
report . 

Centerline  Engagements 

The  deceleration  forces  encountered  during  all  centerline  engage¬ 
ments  were  smooth.  All  engagements  were  made  with  the  aircraft  engine 
throttle  at  idle  and  with  the  brake  antiskid  system  on  for  all  approach 
end  engagements  and  some  ground  taxi  tests.  Flans  were  set  at  25  degrees 
for  all  ground  taxi  tests  and  25  or  40  degrees  for  the  approach  end  en¬ 
gagements.  Nosev/heel  steering  was  engaged  on  six  of  the  test  engagements. 
Pilots  used  slight  pressure  on  the  rudder  pedals  to  steady  the  aircraft 
on  center.  No  significant  steering  corrections  were  input.  These  pro¬ 
cedures  reduced  aircraft  yaw  and  resultant  lateral  displacement  during 
the  arrestment.  Lateral  displacement  was  held  to  one  foot  or  less  on 
these  tests.  On  tests  where  nosewheel  steering  was  not  used,  the  air¬ 
craft  tended  to  yaw  five  to  seven  feet.  The  maximum  lateral  displacement 
which  occurred  was  23  feet.  Some  lateral  displacement  could  have  resulted 
from  the  crown  in  the  test  runwav  and  crosswind  components.  Nosewheel 
steering  or  differential  braking  was  not  necessary  for  on-center  engage¬ 
ments.  Aircraft  roll  and  yaw  tendencies  were  slight  to  non-existent  and 
caused  no  pilot  difficulties. 

Off-Center  Engagements 

Upon  initial  contact  of  the  cable  during  off-center  engagements, 
the  aircraft  tail  was  pulled  toward  the  runway  centerline.  This  pro¬ 
duced  a  rolling  motion  in  the  same  direction.  The  motion  then  reversed 
and  a  combination  of  yaw  and  roll  oscillations  (fishtailing  and  wing 
rock)  continued  for  two  to  three  cycles  after  which  the  motion  damped 
out.  The  aircraft  then  proceeded  to  roll  out  smoothly  and  continued  to 
steer  away  from  the  centerline.  Aircraft  skidding  along  the  runway 
was  experienced.  A  pilot  unfamiliar  with  engaging  aircraft  arresting 
systems  in  this  aircraft  may  be  surprised  by  this  motion  unless  he  is 
aware  of  this  characteristic. 

For  the  BAK-12  system,  the  amplitude  and  onset  rate  of  the  yaw/roll 
oscillation  was  lower  at  an  aircraft  weight  of  42,000  pounds  than  at 
25,000  pounds.  The  BAK-13  Droduced  a  yaw/roll  oscillation  of  greater 
severity  at  42,000  pounds.  The  motion  damped  out  after  two  cycles  at 
25,000  pounds  and  after  two  and  a  half  cycles  at  42,000  pounds.  The 
yaw/roll  onset  was  less  severe  for  the  BAK-12  than  the  BAK-13  and  was 
not  considered  severe  except  for  engagements  of  the  BAK-13  at  50  feet 
off-center.  Yaw  from  off-center  engagements  on  the  BAK-13  was  greater 
than  corresponding  engagements  on  the  BAK-12. 


^Numbers  indicated  os  (R  1),  ate.,  represent  the  corresponding  recommendotion  numbers  os  tobuloted  in  the 
Conclusions  ond  Recommendations  section  o(  this  report. 
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Total  aircraft  lateral  displacement  due  to  yaw  from  the  line  of 
engagement  was  greater  for  the  50-foot  off-center  engagements  than  for 
the  35-foot  off-center  engagements.  This  was  true  for  both  the  BAK-12 
and  BAK-13.  Lateral  displacement  data  for  on-  and  off-center  engagements 
are  shown  in  appendix  I.  On  the  majority  of  tests,  displacement  was  15 
feet  or  less.  Nosewheel  steering  had  to  be  used  on  50-foot  off-center 
engagements  in  excess  of  100  knots  to  prevent  the  aircraft  from  gradually 
veering  off  the  runway.  The  test  arresting  gear  installations  were  for 
190-foot  runway  spans.  For  wider  runway  spans,  similar  off-center  en¬ 
gagement  distances  will  result  in  less  displacement  and  will  be  more 
easily  controlled.  The  displacement  can  be  controlled  by  the  pilot  with¬ 
out  difficulty  with  nosewheel  steering.  However,  the  A-7D  Flight  Manual 
does  not  warn  the  pilot  that  nosewheel  steering  will  be  inoperative  if 
the  engine  is  shut  down.  The  information  found  at  the  end  of  the  Opera¬ 
tional  Analysis  section  of  this  report  should  be  included  in  the  Flight 
Manual  as  noted  at  the  end  of  the  Operational  Analysis  Section.  (R  2) 

H**k  Extension 

The  specifications  as  stated  in  reference  4  indicate  that  the 
arresting  hook  extends  fully  in  4  +  1  seconds.  Four  A-7D  aircraft  used 
in  the  A-7D  Category  II  FSEP  were  tested  and  compared  to  these  specifi¬ 
cations.  The  average  time  for  the  arresting  hook  to  extend  to  ground 
level  (approximately  35  degrees  travel)  was  2  seconds.  The  actual  ex¬ 
tension  to  ground  level  time  will  depend  on  the  aircraft  attitude  and 
height  abeve  the  runway  at  the  time.  This  response  time  is  sufficient 
for  operational  arrestments  which  are,  of  course,  anticipated.  However, 
when  an  emergency  condition  evolves,  the  aircraft  will  travel  a  great 
distance  in  the  time  required  to  extend  the  hook,  i.e.,  at  130  knots  it 
would  travel  440  feet  in  2  seconds  or  880  feet  in  4  seconds.  To  insure 
a  high  probability  of  success  for  emergency  arrestments,  an  arresting 
hook  response  time  of  one  second  or  less  is  desirable. 

The  A-7D  Flight  Manual  (reference  1)  presently  states  that  the  ar¬ 
resting  hook  is  to  be  lowered  2,000  feet  prior  to  reaching  the  arrest¬ 
ing  cable.  Based  on  these  tests,  this  minimum  distance  is  greater  than 
necessary  even  for  the  relatively  slow  A-7D  hook  extension.  The  Flight 
Manual  should  be  changed  to  advise  the  pilot  to  extend  the  hook  at  least 
1,000  feet  prior  to  reaching  the  arresting  cable.  (R  2) 

Store*  Jettison 

Both  the  BAK-12  and  BAK-13  arresting  systems  have  sufficient  energy 
absorbing  capacity  to  arrest  the  A-7D  at  any  operational  gross  weight. 

For  approach  end  type  engagements,  it  is  desirable  to  reduce  gross  weight 
as  much  as  practicable  prior  to  the  actual  engagement;  however,  the  jet¬ 
tison  of  stores  is  not  necessary  for  the  BAK-12  or  BAK-13  arresting  sys¬ 
tems.  The  decision  as  to  whether  or  not  stores  should  be  jettisoned 
prior  to  an  emergency  arresting  gear  engagement  is  dependent  upon  the 
nature  of  the  stores  and  the  pilot's  evaluation  of  the  situation,  in¬ 
cluding  energy  limitations  for  lower  energy  arresting  systems  included 
in  the  Flight  Manual. 

Aircraft  Braking 

The  chances  for  successful  arrestments  are  greatly  reduced  by  tire 
failure  (blowouts) .  The  rim  of  the  affected  wheel  may  snag  or  damage 
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the  cable,  thus  causing  cable  failure  or  a  missed  engagement.  The  Flight 
Manual  should  state  that  brake  application  of  a  severity  great  enough 
to  cause  tire  blowouts  must  be  avoided  when  aft  arresting  system  engage¬ 
ment  is  anticipated.  However,  an  approach  end  engagement  is  desirable 
for  landing  emergencies  involving  a  previously  blown  tire  (e.g.,  a  blown 
tire  on  takeoff.  (R  1,  R  2) 

Rollback 

On  three  of  the  higher  energy  arrestments  with  the  BAK-12,  stored 
purchase  tape  energy  in  the  form  of  an  elastic  load  buildup  caused  the 
aircraft  to  rollback  at  the  end  of  the  arrestment.  No  rollback  occurred 
with  the  BAK-13  at  any  A-7D  aircraft  weight.  On  test  54  at  an  aircraft 
weight  of  41,560  pounds  and  engagement  speed  of  163  knots  using  the  BAK-12, 
a  maximum  rollback  of  approximately  80  feet  was  experienced.  Aircraft 
braking  was  not  used  at  the  end  of  the  arrestment.  The  major  problems 
of  rollback  are  the  possibility  that  an  aircraft  tire  could  pass  over 
the  tape  end  connector  which  could  cause  a  blown  or  damaged  tire,  or  the 
hook  cculd  snag  an  expansion  joint  or  other  runway  irregularity  resulting 
in  a  damaged  hook  or  hook  subsystem.  Rollback  can  be  controlled  if  brakes 
are  available  and  lightly  applied  at  the  end  of  the  arrestment.  Although 
the  aircraft  pitched  up  slightly  when  braking  was  applied  during  rollback, 
the  tendency  for  the  aircraft  to  tip  backwards  onto  the  tail  was  slight 
and  easily  controlled.  The  most  aft  aircraft  eg  tested  was  31.1  percent 
mean  aerodynamic  chord  (MAC).  Thus,  the  Flight  Manual  should  state  that 
aircraft  rollback  should  be  expected  with  high  energy  BAK-12  arrestments 
and  that  light  braking  can  be  used  ue  control  rollback.  (R  1) 

Maximum  Arresting  Hook  Engagement  Speed 

The  maximum  engagement  speeds  at  which  the  A-7D  was  tested  were 
165  knots  at  25,000  pounds,  167  knots  at  33,000  pounds  and  164  knots  at 
42,000  pounds.  Thes  speeds  approach  or  exceed  normal  takeoff  and  land¬ 
ing  speeds  at  the  given  weight  conditions.  The  tire  limit  speed  was  174 
knots.  Based  on  extrapolation  of  data  from  these  tests  and  from  data 
contained  in  references  5,  6,  and  7,  the  aircraft  arresting  hook,  the 
standard  or  extended  runout  BAK-12 's,  or  the  BAK-13  will  accept  engage¬ 
ments  up  to  the  theoretical  190-knot  limit  of  the  arresting  system  (with 
the  exception  of  possible  damage  to  the  aircraft  arresting  system  snubber 
discussed  in  another  section  of  this  report) .  Such  high  speed  emergency 
engagements  may  be  required  due  to  conditions  resulting  from  battle 
damage  or  other  extreme  conditio. is .  The  tire  limit  must  be  considered 
in  conjunction  with  probable  cable  damage/failure  which  will  result  if 
a  tire  is  blown  prior  to  the  engagement.  If  such  engagements  are  at¬ 
tempted,  all  possible  precautions  must  be  taken  to  avoid  tire  failures 
prior  to  the  engagement.  (R  1,  R  2) 

Aireraii  Disengagement 

The  aircraft  was  disengaged  from  each  arresting  system  by  first 
stretching  the  nylon  purchase  tapes  with  the  application  of  aircraft 
power  while  the  arresting  cable  was  still  in  the  hook.  Aircraft  brakes 
were  then  applied  and  engine  power  was  reduced  to  idle.  Then,  the 
stretched  tapes  wore  allowed  to  pull  the  aircraft  backwards  (by  releas¬ 
ing  a.'rcraft  brakes)  until  the  hook  was  free  of  the  arresting  cable. 
Disengagement,  from  the  BAK-12  req  .ired  that  the  arresting  engines  brakes 
be  locked  prior  to  stretching  the  tape.  Disengagement  from  the  BAK-13, 
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however,  required  that  the  tapes  be  pulled  from  the  arresting  engines 
to  their  full  length  by  the  aircraft  before  they  could  be  stretched. 

The  A-7D  Flight  Manual  should  contain  procedures  for  disengagement 
as  noted  at  the  end  of  the  Operational  Analysis  section.  (R  3) 


Flight  Manual  Changes 

The  following  are  the  recommended  changes  for  the  A-7D  Flight 
Manual : 


Recommendation  1  -  Approach  End  Engagement 
pp.  3-37  Add  to  Discussion: 

There  should  be  little  concern  if  the  touchdown 
point  is  close  to  a  BAK-12  arresting  system  and/cr 
the  nose  gear  is  not  on  the  runway.  The  deceleration 
force  of  the  BAK-12  arresting  system  is  applied  in  a 
smooth  increasing  manner,  which  will  cause  the  nose  of 
the  aircraft  to  lower  to  the  runway  in  much  the  same 
way  as  during  a  normal  landing.  The  motion  is  not 
violent.  With  BAK-13  type  engagements,  the  decelera¬ 
tion  force  is  applied  more  rapidly;  therefore,  it  is 
best  to  have  all  three  landing  gear  on  the  runway  for 
engagement.  The  landing  gear  have  been  designed 
for  carrier  landings.  For  engagements  less  than  35 
feet  off-center,  aircraft  yaw  and  roll  are  minimal 
to  non-existent.  Rudder,  aileron,  and  nosewheel 
steering  may  be  required  to  maintain  aircraft  control 
on  engagements  over  35  feet  off-center.  Lateral  dis¬ 
placement  from  off-center  arresting  gear  engagements 
is  toward  the  nearest  runway  edge. 

The  yaw  is  abrupt  for  the  BAK-13,  whereas  the 
onset  is  more  gradual  for  the  BAK-12.  The  magnitude 
is  approximately  the  same.  The  aircraft  tends  to 
skid  in  the  opposite  direction  to  the  yaw  (i.e.,  yaw 
right,  skid  left).  The  arresting  cable  itself  tends 
to  straighten  the  path  of  the  aircraft  after  the 
initial  yaw;  however,  use  of  aircraft  controls  and 
nosewheel  steering  will  help  the  pilot  maintain 
directional  control  of  the  aircraft  path. 

pp.  3-37  Add  as  Steps  5  and  6  and  renumber  the  former  Step  5  as  Step  7; 

5.  If  available  use  nose  gear  steering,  flight 
controls,  and/or  brakes  to  maintain  direc¬ 
tional  control. 

WARN  I  Mi 

The  chances  for  successful  arrestments  are  greatly 
reduced  by  tire  failures  (blowouts).  The  rim  of  the 
affected  wheel  may  snag  or  damage  the  cable,  causing 
cable  failure  or  a  missed  engagement.  When  an  arrest- 
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ing  system  engagement  is  anticipated,  braking  heavy 
enough  to  cause  blowouts  must  be  avoided. 

6.  It  is  desirable  to  steer  for  '.enter  of  arresting 
gear  and  make  contact  re r pe no i c u 1  a r  if  this  can 
be  done  without  any  danger  of  losing  aircraft 
control . 

pp.  3-37  -  Change  the  NOTE  after  the  last  step  in  Approach  End  Engagement 
to  read  : 

The  throttle  may  be  inadvertently  advanced  due  to 
deceleration  forces  on  the  pilot's  bodv  from  engagements 
at  higher  speeds  (over  130  knots). 

pp .  3-39  -  The  NOTE  on  figure  3-10  of  the  Flight  Manual  should  include 
the  following: 

3.  High  energy  engagements  may  result  in  aircraft 
rollback.  Rollback  can  be  controlled  by  light 
braking  at  the  end  of  the  arrestment.  Caution 
should  be  used  to  prevent  the  aircraft  from 
tipping  back  on  the  tail  by  the  use  of  too 
much  b  rak i ng  . 

Recommendation  2  -  Abort/Barrier  Engagement 

pp .  3-4  -  Add  the  following  to  the  WARNING  following  step  1 : 

Nose  gear  steering  will  be  inoperative  if  the  engine 
is  shut  down. 

pp.  3-4  -  Change  Step  3  as  follows: 

Change  the  2,000  of  Step  3  to  1,000. 
pp.3-4  -  This  WARNING  should  be  included  in  the  A-7D  Flight  Manual: 

WARNING 

Ttte  chances  for  successful  arrestments  are  greatly 
reduced  by  tire  failures  (blowouts).  The  rim  of  the 
affected  wheel  may  snag  or  damage  the  cable,  causing 
cable  failure  or  a  missed  engagement.  When  an  arrest¬ 
ing  system  engagement  is  anticipated,  braking  heavy 
enougli  to  cause  blowouts  must  be  avoided. 

Recommendation  3  -  Arresting  Gear  Disengagement Procedures 

BAK-12  Disengagement  Procedures : 

1.  After  ground  personnel  have  locked  the  arrest¬ 
ing  engine  brakes  and  Clearance  to  apply  power 
has  been  given,  gradually  advance  throttle  to 
90  percent  to  stretch  the  arresting  gear  tapes. 
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2.  Lock  aircraft  brakes  and  reduce  engine  power 
to  idle. 

3.  Release  brakes  and  allow  stretched  tapes  to 
pull  aircraft  backwards. 

4.  When  ground  personnel  signal  that  the  hook 

is  clear  of  the  cable,  retract  arresting  hook. 

BAK-13  Disengagement  Procedures: 

1.  After  ground  personnel  have  given  clearance  to 
apply  powt  r,  taxi  forward  slowly  to  pull  the 
arresting  gear  tapes  out  to  their  full  length. 

2.  Gradually  advance  throttle  to  90  percent  to 
stretch  the  arresting  gear  tapes. 

3.  Lock  aircraft  brakes  and  reduce  engine  power 
to  idle. 

4.  Release  brakes  and  allow  stretched  tapes  to 
pull  aircraft  backwards. 

5.  When  ground  personnel  signal  that  the  hook 

is  clear  of  the  cable,  retract  arresting  hook. 

A-7D  SYSTEMS  EVALUATION 
Hookloads 

A  data  summary  for  all  testing  is  presented  in  appendix  I.  Maximum 
braking  hookloads  for  the  aircraft  are  shown  as  a  function  of  engagement 
speed  in  figures  12  and  13.  The  definition  of  brake  hookload  is  shown 
graphically  in  figure  14.  The  maximum  brake  hookload  was  primarily  de¬ 
pendent  upon  the  aircraft  engagement  speed  for  the  25,000-  and  33,000- 
pound  test  weights  and  was  relatively  independent  of  the  aircraft  weight 
for  both  the  standard  BAK-12  and  BAK-13.  Extrapolation  of  these  curves 
indicates  that  the  hook  load  limits  will  not  be  exceeded  within  the 
arresting  gear  limit  of  190  knots.  Typical  hookload  versus  runout  curves 
are  presented  in  figures  15  and  16.  The  runout  distance  at  which  the 
maximum  hookload  occurred  was  dependent  upon  the  aircraft  weight  for  each 
arresting  system.  At  25,000  and  33,000  pounds  gross  weight,  the  peak 
hookloads  occurred  at  approximately  300  feet  with  the  BAK-12  and  approxi¬ 
mately  200  feet  with  the  BAK-13.  During  the  42,000-pound  arrestments 
with  the  BAK-13,  the  maximum  hookload  was  sustained  over  an  interval 
extending  from  approximately  200  to  400  feet  of  aircraft  runout.  At 
42,000  pounds  gross  weight  with  the  BAK-12,  hookload  increased  with  air¬ 
craft  runout  in  the  braking  region  and  "peaked  out"  near  the  end  of  the 
arrestment.  This  was  typical  for  heavy  weight  arrestments.  The  aircraft 
energy  was  approaching  the  standard  BAK-12  arresting  gear  design  limit, 
and  the  system  compensated  by  applying  higher  brake  pressures  until  the 
aircraft  stopped.  The  cam  controlled  valves  on  the  arresting  engines 
were  programmed  to  increase  brake  pressure  during  the  later  phase  of  the 
arrestment  in  case  the  aircraft  did  not  slow  sufficiently.  As  compared 
to  oa-center  tests,  maximum  brake  hookloads  for  off-center  tests  appeared 
approximately  the  same  for  both  the  BAK-12  and  the  BAK-13  (figures  12  and 
13)  . 
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A-7H  hook.  evaluation  tests 
BSAgE  UOOKJLQAD  EKRgDBMANCE 
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AIRCRAFT  ENGAGEMENT  SPEED 
(KNOTS) 


Impact  hookloads  as  defined  on  figure  14  increased  with  engagement 
speed  and  remained  lower  than  braking  hookloads,  but  were  independent  of 
aircraft  weight.  Impact  hookloads  reached  a  maximum  of  48,100  pounds  and 
were  well  below  the  design  hook  strength  of  the  A-7D.  A  summary  of  all 
inpact  hookloads  is  shown  in  appendix  I. 


Tost  21;  33,800  Pounds/ 129  Knots 
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The  arresting  hook  was  extended  and  retracted  by  a  hydraulic/pneu¬ 
matic  system  (figure  1) .  During  an  engagement,  the  actuating  cylinder- 
(actuator)  and  accumulator  functioned  as  a  hook  snubber.  The  arresting 
hook  actuator  rod  end  was  instrumented  to  measure  the  loads  placed  upon 
the  actuator  (appendix  I).  The  rod  end  had  a  design  limit  of  21,500 
pounds  in  compression  and  was  the  weakest  structural  part  of  the  hook 
subsystem.  Figures  17  and  18  show  maximum  snubber  load  versus  aircraft 
engagement  speed.  Typical  hook  actuator  assembly  load  traces  of  high 
speed  engagements  for  the  BAK-12/heavy  duty  donuts  and  the  BAK-13/poly- 
urechane  cable  supports  are  shown  in  figures  19  and  20:  The  highest 
loads  always  occurred  at  cable  impact  and  the  average  snubber  loads  were 
slightly  higher  for  the  BAK-13. 

The  rod  end  load  became  a  determining  factor  for  high  speed  engage¬ 
ments.  However,  the  design  limit  of  the  actuator  was  approached  at  all 
aircraft  speeds.  The  design  limit  was  approached  or  exceeded  on  20  tests, 
and  a  maximum  of  24,200  pounds  occurred  on  one  test  at  an  aircraft  weight 
of  33,000  pounds  and  an  engagement  speed  of  165  knots.  The  actuator  rod 
end  load  limit  should  be  increased.  A  DR  will  be  submitted. 
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Arresting  hook  sideloads  were  analyzed  to  determine  the  effects  of 
asymmetric  loadings  on  the  airfraine  structure  during  on-  and  off-center 
engagements.  These  loads  never  exceeded  the  design  limit  of  36,650 
pounds  at  the  hook  shoe,  and  inspections  of  the  arresting  hook  after  tests 
26  and  50  showed  no  signs  of  damage  resulting  from  excessive  sideloads. 

Data  on  arresting  hook  sideloads  is  contained  in  appendix  I. 

Hiik  Bmei  Misted  Engagiminti 

The  A-7D  engaged  the  arresting  cable  in  70  of  the  74  tests  during 
this  program  (94  percent) .  This  reliability  is  considerably  lower  than 
that  of  other  Air  Force  aircraft  equipped  with  stiff  shank  arresting 
hooks.  Table  II  identifies  the  conditions  of  each  missed  engagement. 

The  type  of  cable  support  used  had  a  significant  affect  on  the  cable 
height  at  the  time  of  the  engagement.  Three  different  types  of  supports 
were  used  and  are  dis..''ssed  in  a  separate  section  of  this  report. 

The  nose  of  the  shoe  assumed  an  attitude  above  the  runway  surface 
which  increased  proportionally  with  the  amount  of  hook  rotation.  In 
figure  21,  the  nose  of  the  hook  shoe  is  approximately  1  inch  above  the 
runway  surface  at  40  degrees  (from  an  aircraft  horizontal  reference); 
at  70  degrees  this  increased  to  approximately  2-1/2  inches.  This  is 
shown  graphically  in  figure  22.  This  poor  attitude  characteristic  was 
caused  by  the  shortness  of  uhe  hook  shank.  The  actual  angle  between  the 
hook  shank  and  the  runway  varied  with  aircraft  piten  attitude,  aircraft 
weight,  and  aerodynamic  lift.  Since  the  aircraft  attitude  was  not  meas¬ 
ured,  the  absolute  angle  is  not  known.  Generally,  the  angle  decreased 
with  speed;  thus,  the  worst  conditions  were  at  light  aircraft  gross  weights 
and  high  speeds.  Figure  23  is  a  sequence  of  photos  taken  from  the  wing 

tip  camera  and  shows  the  range  of  hook  shank  angles  which  occurred  prior 

to  a  typical  approach  end  engagement.  The  engagement  was  at  140  knots 
and  a  25,000  pound  aircraft  gross  weight.  The  hook  shoe  attitude  problem 
was  considered  a  significant  safety  hazard.  DR  No.  F406-184  was  submitted 
recommending  that  the  hook  shoe  be  redesigned  so  that  the  nose  of  the  shoe 
stays  on  the  runway  surface,  regardless  of  hook  shank  angle.  Testing  of 
any  modified  shoe  is  also  recommended.  (R  4) 

The  hook  was  also  observed  to  oscillate  in  a  twisting  motion  about 
its  longitudinal  axis.  It  could  not  be  determined  whether  or  not  this 
twisting  motion  contributed  to  missed  engagements. 

Hook  bounce  was  not  a  significant  problem.  It  was  judged  to  be 

light  to  moderate  as  the  hook  passed  over  the  expansion  joints  on  the 

test  facility  runway.  Hook  bounce  height  was  estimated  from  high  speed 
16mm  motion  picture  film  taken  by  ground  cameras  (showing  only  the  area 
approaching  the  cable) .  Hook  bounce  could  also  be  detected  from  tele¬ 
metered  hook  position  data.  The  data  discussed  here  is  considered  repre¬ 
sentative  of  the  test  program.  However,  due  to  film  reading  limitations 
and  camera  field  of  view,  it  is  not  all  inclusive.  Hook  bounce  was  nor¬ 
mally  less  than  three  inches.  Out  of  20  hook  bounces  estimated  to  be  3 
inches  or  more  at  the  nose  of  the  hook  shoe  centerline,  only  one  may  have 
exceeded  6  inches,  and  3  were  greater  than  5  inches.  Tests  on  which  the 
hook  skips  were  noted  were  at  aircraft  speeds  of  91  to  162  knots.  Hook 
bounce  height  could  not  be  correlated  with  aircraft  velocity.  However, 
the  distance  travelled  with  the  hook  off  of  the  runway  during  the  bounce 
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was  a  function  of  velocity  for  a  given  height.  With  the  one  stated  excep¬ 
tion  above,  the  hook  returned  to  the  runway  .within  15  feet  of  aircraft 
travel  in  all  c^es,  and  over  half  recovered  in  approximately  10  feet  or 
less.  When  the  arresting  cable  was  three  to  four  inches  above  the  run¬ 
way,  the  effective  hook  skip  distance  above  the  arresting  cable  center- 
line  was  considerably  less  than  when  the  cable  was  resting  on  the  runway, 
thus  reducing  the  likelihood  of  a  missed  engagement.  However,  as  noted 
previously,  the  hook  skip  problem  was  aggravated  by  a  nose-high  attitude 
of  the  hook  shoe. 

Design  holddown  force  on  the  hook  was  proportional  to  the  amount  of 
downward  hook  travel.  At  40  degrees  of  hook  travel  the  holddown  force 
at  the  hook  shoe  was  370  pounds.  At  70  degrees,  the  force  declined  to 
200  pounds. 


Table  II 


CONDITIONS  OF  MISSED  ENGAGEMENTS 


Test 

Mo. 

Ground 

Speed 

(kt) 

Cable  Supports 

Approximate  Height  of 
Arresting  Cable  (Centerline) 
Above  Runway  at  Impact  (in.) 

Approximate  Height  of 
Hook  Shoe  Nose  Above 
Runway  at  Impact  (in.) 

7 

131 

Rails 

Cable  on  runway 

1-1/4* 

18 

117 

Rai  Is 

Cable  on  runway 

1-3/4* 

33 

160 

Standard  Donuts 

1 

2-1/4* 

74 

157 

Rai  Is 

Cable  on  runway 

2-1/4* 

*Hook  was  contacting  runway  at  a  nose-high  attitude.  Variation  in  hook  shoe  nose 
height  was  due  to  the  different  hook  shank  angles  (figure  21). 


Fi|nr<  21  A-7D  Meek  Attitudes 


Fifart  21  (Caatiaaai) 


ANCLE  TO  THE  HORIZONTAL  IS  60  degrgn 


Figure  21  (CMliRoed) 


22 


not  reproducible 


Finn  21  (CmlurfU) 


(O  HOOK  JUST  PRIOR  TO 
IMPACT  OF  ARRESTING 
%  CABLE 


(t)  HOOK  ALIGNED  ALONG 
RUNWAY  CENTERLINE 


SKvtUw  Leak  wifi*  Ai*  *• 
rrMtxf  qirefah  Mlt 


NOT  REPRODUCIBLE 


'f  Ml 

HMk  SIN  Wtar 


Hook  shoes  had  to  be  changed  often  throughout  the  test  program.  On 
early  tests,  the  hook  was  extended  so  that  the  shoe  slid  on  the  concrete 
runway  approximately  1,200  to  1,500  feet  prior  to  the  arresting  cable. 

The  first  two  shoes  had  to  be  replaced  after  three  test  engagements  each 
as  the  bolt  attaching  the  hook  shoe  to  the  hook  shank  was  worn  approxi¬ 
mately  halfway  through  the  head.  To  get  more  test  engagements  from  each 
hook  shoe,  the  arresting  hook  was  extended  at  approximately  500  to  1,000 
feet  from  the  arresting  cable.  The  hook  shoes  used  in  this  way  averaged 
from  5  to  7  engagements  before  replacement  was  required.  On  heavier  weight 
tests  in  which  the  hook  shoe  contacted  the  runway  at  the  nose,  hook  shoes 
lasted  for  an  average  of  12  engagements.  The  necessity  for  frequent  re¬ 
placement  of  hook  shoes  in  an  operational  environment  could  produce  a 
heavy  logistics  requirement.  Hook  shoe  wear  presents  a  potential  safety 
hazard  in  that  if  either  a  new  or  a  worn  but  serviceable  shoe  were  left 
in  contact  with  the  runway  for  long  distances,  it  could  fail  on  engage¬ 
ment.  These  conditions  could  occur  if  the  pilot  extended  the  hook  very 
early  in  the  arrestment  or  if  an  approach  end  engagement  was  missed  and 
an  engagement  of  a  subsequent  arresting  system  (either  midfield  or  over¬ 
run)  was  attempted.  The  A-7D  arresting  hook  shoes  should  be  redesigned 
to  reduce  hook  shoe  wear.  Correction  of  the  hook  shoe  attitude  problem 
may  correct  this.  A  DR  will  be  submitted. 

Aircraft  Hi  Hack  Bamaars 

The  aircraft  bumper  and  uplock  mechanism  were  found  to  be  structurally 
inadequate  for  engagements  at  speeds  in  excess  of  150  knots.  On  test  26, 
at  an  engagement  speed  of  165  knots,  the  hook  uplock  mechanism,  which  was 
part  of  the  aft  belly  pan  assembly  (P/N  216-40040-2)  was  damaged.  Analysis 
of  data  film  indicated  that  cable  dynamics  during  the  arrestment  drove  the 
hook  upwards  into  the  aircraft  bumper  and  hook  uplock.  The  hook  could 
not  be  locked  into  the  up  or  stowed  position  after  the  test.  The  impact 
tore  the  uplock  mechanism  from  its  mountings  and  cracked  a  skin  panel  in 
the  immediate  area.  Two  pins  (P/N  215-44454-2)  in  the  uplock  mechanism 
were  also  bent  from  the  impact.  Damage  also  occurred  on  subsequent  tests. 
It  was  noted  after  test  50  that  the  aircraft  bumper  would  not  drop  into 
position  when  the  hook  was  extended.  This  damage  was  believed  to  have 
been  due  to  previous  high  speed  engagements.  The  aircraft  bumper  and  up¬ 
lock  mechanism  was  disassembled  and  examined.  A  bushing  was  binding,  and 
the  two  pins  that  were  bent  after  test  26  had  been  bent  again.  These  were 
not  serious  problems  since  operational  and  most  emergency  arrestments  of 
the  A-7D  will  be  at  speeds  below  150  knots  where  damage  to  the  uplock 
mechanism  was  not  experienced. 

The  hook  bumper  (P/N  215-44310-1)  tore  loose  from  the  hook  on 
several  tests.  The  bumper  was  designed  to  cushion  impact  between  the 
hook  and  aircraft  during  an  arrestment.  Inspections  indicated  that  the 
rubber  cushion  had  separated  from  the  steel  mounting  plate.  An  improved 
hook  bumper  (P/N  215-44404-1)  ,  installed  on  A-7D  No.  75  and  subsequent, 
was  obtained  and  evaluated  beginning  with  test  44.  The  improved  hook 
bumper  proved  to  be  superior  and  more  reliable  than  the  original  bumper. 
However,  the  improved  hook  bumper  was  lost  during  test  74.  Figure  24 
shows  the  lower  mounting  plate  which  remained  with  the  arresting  hook. 

The  mechanism  of  failure  is  unknown.  Further  investigation  should  be 
made  to  determine  suitability  of  this  hook  bumper  for  operational  use. 

(R  5) 
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4  ircreft  Tires 

Figure  25  shows  typical  tire  damage  due  to  repetitive  arresting 
cable  rollover  at  heavy  aircraft  gross  weights.  Aircraft  main  gear  tires 
were  very  susceptible  to  cuts  from  the  arresting  cable  and  foreign  ob¬ 
jects,  and  they  had  to  be  changed  approximately  every  five  tests.  After 
further  engagements,  the  condition  deteriorated  to  the  point  that  large 
sections  of  tire  tread  could  be  peeled  from  the  tire  casing.  Heavyweight 
engagements  also  produced  very  rapid  tire  deterioration  and  made  frequent 
tire  changes  necessary.  In  an  operational  environment,  in  which  runways 
have  multiple  arresting  systems  spac’d  along  their  entire  length,  cable 
rollover  at  both  low  and  high  speeds  is  inevitable  during  normal  takeoffs 
and  landings.  Therefore,  frequent  tire  damage  due  to  cable  rollover  in 
normal  operational  use  should  be  expected.  The  A-7D  tires  should  be  im- 


proved  to  reduce  their  susceptibility  to  damage  due  to  cable  rollover. 

The  appropriate  maintenance  manuals  should  contain  a  statement  which  will 
require  frequent  inspections  of  A-7D  tires.  A  DR  has  been  submitted. 


ARRESTING  SYSTEMS  EVALUATION 
IAK-12 

The  standard  BAK-12  arresting  system  performed  satisfactorily  for 
all  tests,  and  the  energy  absorbing  limit  exceeded  the  maximum  which 
could  be  generated  by  an  A-7D  aircraft.  The  engagement  envelope  investi¬ 
gated  is  shown  in  figure  26.  The  maximum  hookloads  imposed  on  the  air¬ 
craft  are  shown  in  figure  12.  Maximum  average  tape  tensions  for  the 
standard  BAK-12  are  shown  in  figure  27  for  centerline,  35-,  and  5C-foot 
off-center  engagements.  As  noted  previously,  the  maximum  loads  occurred 
during  the  braking  phase  of  the  arrestment  as  defined  in  figure  14.  All 
tape  loads  resulting  from  the  A-7D  arrestments  were  well  within  the  oper¬ 
ating  limit.  Data  on  maximum  hydraulic  brake  pressures,  initial  maximum 
tape  and  hook  impact  loads,  aircraft  runout,  etc.,  can  be  found  in  appen¬ 
dix  I . 

Data  from  these  tests  was  compared  with  data  in  reference  5.  The 
data  agreed  reasonably  well.  Typical  characteristic  traces  of  hook  and 
tape  loads  versus  time  are  shown  in  figures  28  and  29.  These  tape  load 
time  history  traces  are  for  the  same  tests  shown  in  figure  15. 

BAK-11 

The  BAK-13  used  for  testing  in  this  program  was  modified  (see  the 
Systems  Descriptions  section).  No  arresting  gear  malfunctions  were 
experienced.  The  BAK-13  performed  satisfactorily  for  all  tests,  and  its 
energy  absorbing  capacity  was  well  in  excess  of  the  kinetic  energy  gen¬ 
erated  by  the  A-7D  (figure  26). 

Hookloads  and  brake  tape  tensions  were  compared  to  data  obtained  in 
reference  6.  Hookloads  (figure  13)  agreed  favorably  within  limits  of 
normal  scatter  expected  with  this  data.  A  discussion  of  aircraft  hook¬ 
loads  can  be  found  in  the  A-7D  Evaluation  section  of  this  report.  Maxi¬ 
mum  average  tape  tensions  for  the  BAK-13  are  shown  in  figure  32  for  cen¬ 
terline,  35-,  and  50-foot  off-center  engagements.  Typical  characteristic 
traces  of  hookloads  and  tape  tensions  versus  time  are  shown  in  figures 
30  and  31.  Maximum  tape  tensions  occurred  at  the  beginning  of  the  braking 
region  (figure  31).  All  tape  loads  were  well  within  design  limits  of  the 
BAK-13. 

Data  on  tape  and  hook  impact  loads,  tub  and  return  line  pressures, 
tub  and  return  line  temperatures,  aircraft  runout,  etc.,  can  be  found 
in  appendix  I. 

ExtMfod  Rancn!  BAK-12 

The  extended  runout  BAK-12  Aircraft  Arresting  Barrier  System  is  a 
growth  version  of  the  standard  BAK-12.  Although  it  was  not  tested  in 
this  program,  the  A-7D  and  the  extended  runout  BAK-12  are  considered  com¬ 
patible  based  on  these  and  other  tests.  A  performance  comparison  of  the 
BAK-12  systems  is  shown  in  table  III. 

Testing  of  the  extended  runout  BAK-12  was  done  with  the  F-111A  at 
60,000  to  90,000  pounds  (reference  7).  No  tests  at  lighter  aircraft 
weights  have  been  made  but  the  system  is  in  common  ^se  within  the  Air 
Force.  Its  characteristics  are  similar  to  those  of  the  standard  BAK-12 


II 


except  that  peak  hookloads  and  tape  tensions  may  actually  be  lower  since 
the  load  peak  will  not  occur  at  the  end  of  the  runout. 

Cadi*  Saipan  Evalaatiaa 

Three  types  of  cable  supports  were  evaluated:  polyurethane  rails, 
standard  donuts,  and  heavy  duty  (Navy)  donuts  (figures  9,  10,  and  11). 

Each  cable  support  was  tested  with  the  A-7D  for  a  particular  reason. 
Polyurethane  rails  were  evaluated  for  use  with  the  BAK-13  and  were  neces¬ 
sary  for  rapid  cycle  arrestments.  Standard  donuts  were  the  accepted  Air 
Force  cable  support  at  this  time.  Heavy  duty  donuts  may  replace  the  Air 
Force  donuts  as  the  standard  cable  support. 

Analysis  of  test  film  showed  that  each  cable  support  caused  the 
arresting  cable  to  react  considerably  different  during  an  arrestment. 
Ideally,  the  arresting  cable  recovered  from  landing  gear  rollover  by 
quickly  rising  above  the  runway  surface.  If  the  nose  of  the  hook  shoe 
was  higher  than  the  centerline  of  the  cable  at  the  instant  of  hook  impact, 
the  hook  skipped  over  the  cable. 

Polyurethane  rails  produced  slow  cable  recovery  times  when  the  air¬ 
craft  main  gear  passed  between  any  two  rails,  thus  causing  the  arresting 
cable  to  lay  on  or  near  the  runway  surface  at  hook  impact.  This  condition 
contributed  to  three  missed  engagements  (tests  7,  18,  and  74).  Furcher 
testing  with  the  aircraft  straddling  a  rail  support  showed  that  the  cable 
recovered  more  quickly  and  to  a  height  above  the  runway  of  approximately 
five  inches.  In  this  mode,  there  were  no  additional  missed  engagements. 

A  rail  was  struck  by  a  main  tire  on  at  least  1  test  (test  No.  73)  at 
32,400  pounds  gross  weight  and  155  knots.  There  was  no  apparent  damage 
to  the  tire. 

The  donut  cable  supports  showed  arresting  cable  recovery  times 
shorter  than  those  of  polyurethane  rails.  The  heavy  duty  donuts  produced 
arresting  cable  peak  heights  slightly  greater  than  those  of  the  standard 
donuts,  about  seven  inches.  The  donuts  themselves  helped  to  drive  the 
arresting  cable  av/ay  from  the  runway  surface  after  landing  gear  rollover. 
One  missed  engagement  occurred  with  standard  donuts. 

Test  results  indicated  that  standard  and  heavy  duty  donuts  were 
acceptable  cable  supports.  Conversely,  polyurethane  rails  produced  un¬ 
acceptable  cable  dynamics  when  the  main  gear  passed  between  two  rails, 
thus  resulting  in  insufficient  arresting  cable  heights  above  the  runway 
surface.  The  poor  characteristics  of  cable  recovery  when  the  polyurethane 
•rail  supports  were  used  was  a  major  factor  in  causing  missed  engagements. 
Figure  33  shows  typical  cable  recovery  with  heavy  duty  donuts,  standard 
donuts,  and  polyurethane  rails.  Further  testing  of  polyurethane  rails 
is  necessary  to  determine  their  optimum  spacing  for  use  with  the  A-7D. 

(R  6) 
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Table  III 

STANDARD  AND  EXTENDED.  RUNOUT 

BAK-12  ARRESTING  SYSTEMS  COMPARISON 

' 

Cam  Gearbox  Sprocket  (T.O.  35E8- 
2-5-4,  Figure  17,  Index  B7) 

BAK-12  Arresting  Systems 

Standard 

950-ft 

Runout 

Extended 

1 , 200- ft 
Runout 

52-W-2299-7 
(28  teeth) 

52-W-2299-33 
(32  teeth) 

Synchronizing  Pressure 

800  psi 

1,100  psi 

Normal  Tape  Stack  Diameter 

60  in. 

66  in. 

Design  Aircraft  Weight  Setting 

40,000  lb 

50,000  lb 

Energy  Absorbing  Capacity 

65x10®  ft- lb 

98.5x10®  ft- lb 

Figure  33  Typical  Cable  Oynan 
Standard  (Air  Force) 


CONCLUSIONS  AND 
RECOMMENDATIONS 


Based  on  the  results  of  these  tests,  the  A-7D  was  shown  to  be  com¬ 
patible  with  the  standard  BAK-12  and  3AK-13  aircraft  arresting  systems 
using  donut  type  cable  supports  (but  not  with  rail  type  cable  supports 
as  discussed  later)  ,  and  was  tested  to  engagement  speeds  of  167  knots  at 
gross  weights  through  42,000  pounds.  Extrapolation  of  the  data  showed 
that  the  A-7D  design  limit  hook  load  would  only  be  approached  at  an  en¬ 
gagement  speed  well  in  excess  of  190  knots  at  42,000  pounds  for  either 
arresting  system.  Approach  end  engagements  presented  no  particular  prob¬ 
lems.  The  pilot  could  detect  a  noticeable  difference  in  the  onset  of 
braking  loads  between  the  standard  BAK-12  and  the  BAK-13  arresting  systems. 

The  A-7D  Flight  Manual  procedures  for  approach  end  engagements  were 
generally  satisfactory  but  further  explanation  and  minor  procedures  changes 
were  considered  necessary. 

1.  The  changes  listed  on  pages  15  and  16  of  this  report  are  recommended 
for  the  Approach  End  Engagement  section  of  the  Flight  Manual  (pages 

12  and  14)  . 

For  centerline  engagements,  decelerations  were  smooth  and  lateral 
displacement  was  slight  with  either  arresting  system.  The  off-center 
engagements  resulted  in  roll  and  yaw  oscillations,  which  were  generally 
more  severe  at  the  50-feet  off-center  condition.  The  yaw  could  be  con¬ 
trolled  by  the  pilot  without  difficulty. 

The  Flight  Manual  does  not  warn  the  pilot  that  ncsewheel  steering 
will  be  inoperative  during  arresting  gear  engagements  if  the  engine  is 
shut  down.  Hook  extension  time  was  considered  to  take  longer  than  is 
desirable  for  an  emergency  arrestment.  A  one  second  time  would  be  more 
desirable.  No  engagements  were  missed  during  the  test  program  as  a  result 
of  hook  extension  time.  The  Flight  Manual  calls  for  extending  the  hook 
at  least  2,000  feet  prior  to  the  arresting  gear  which  is  greater  than  the 
minimum  distance  necessary.  Either  arresting  system  is  capable  of  arrest¬ 
ing  the  A-7D  at  maximum  gross  weight  without  jettisoning  external  stores. 
Maximum  test  speed  was  167  knots  which  is  well  above  normal  takeoff  and 
landing  speeds.  Extrapolation  of  test  data  indicated  that  aircraft  hook 
loads  and  arresting  system  energy  limits  would  not  be  exceeded  up  to  the 
theoretical  190-knot  arresting  system  limit.  The  aircraft  tire  limit  of 
174  knots  must  be  considered.  Blown  tires  will  reduce  chances  of  a  suc¬ 
cessful  engagement.  Aircraft  rollback  should  be  anticipated  by  the  pilot 
for  high  energy  engagements  cf  the  BAK-12  arresting  system. 

2.  The  Ab o r t / Ba r r i e r  Engagement  section  of  the  A-7D  Flight  Manual 
should  include  the  changes  listed  on  page  16  of  this  report  (pages 

13  and  14). 

Aircraft  arresting  gear  operational  disengagement  procedures  were 
developed  as  a  result  of  testing.  These  procedures  should  be  followed 
to  insure  rapid  aircraft  disconnect  from  the  arresting  gear. 

3.  The  changes  listed  on  page  16  of  this  report  are  recommended  for 
inclusion  in  the  A-7D  Flight  Manual  (page  15). 
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The  hook  actuator  snubbing  load  limit  was  exceeded  on  several  tests 
and  particularly  on  engagements  of  the  BAK-13.  The  actuator  rod  end  lead 
limit  should  be  increased.  A  DR  is  in  process. 

The  A-7D  exhibited  poor  engagement  reliability  primarily  due  to  a 
poor  attitude  of  the  hook  shoe  which  allowed  the  shoe  nose  centerline  to 
be  well  above  the  runway  surface  even  when  the  hook  was  resting  on  the 
runway  and  the  use  of  rail  type  cable  supports  at  the  standard  14-  and 
18-foot  spacing  (see  R  6).  Hook  skip  was  judged  to  be  light  to  moderate 
and  was  not  a  significant  factor  in  the  four  missed  engagements  experi¬ 
enced  in  these  tests.  The  hook  shoe  attitude  problem  was  considered  a 
significant  safety  hazard,  and  DR  No.  F406-184  was  submitted  recommending 
that  the  hook  shoe  be  redesigned  so  that  the  hook  shoe  nose  stays  on  the 
runway  surface,  regardless  of  hook  shank  angle. 

.  Further  testing  of  any  redesigned  hook  shoe  should  be  accomplished 
(page  27). 

The  aircraft  hook  shoe  wear  resulted  in  frequent  shoe  replacements. 

If  the  shoe  is  left  on  the  runway  for  a  long  distance  prior  to  an  engage¬ 
ment,  the  wear  can  result  in  a  failure.  The  A-7D  hook  shoe  must  be  re¬ 
designed  to  reduce  wear.  A  DR  is  in  process. 

The  improved  hook  bumper  was  superior  to  the  original  bumper,  but 
it  also  failed  and  was  lost  on  the  last  test. 

5.  Further  investigation  should  be  made  to  determine  suitability  of 
the  improved  hook  bumper  for  operational  use  (page  36). 

The  aircraft  tires  were  very  susceptible  to  damage  due  to  cable 
rollover  and  frequent  tire  changes  will  be  required  in  an  operational 
environment.  The  A-7D  tires  should  be  improved  to  reduce  their  suscepti¬ 
bility  to  damage  due  to  cable  rollover  at  high  speeds.  DR  No.  F408-185 
has  been  submitted. 

The  heavy  duty  (Navy)  donut  cable  supports  appeared  to  provide  the 
most  satisfactory  cable  response  following  landing  gear  rollover  based 
on  a  limited  number  of  tests.  One  missed  engagement  resulted,  while 
using  the  standard  Air  Force  donuts,  but  was  due  partly  to  a  nose-high 
attitude  of  the  hook  shoe.  The  donut  supports  were  considered  acceptable. 
Three  engagements  were  missed  while  using  the  polyurethane  cable  supports 
due  to  poor  response  of  the  cable  following  the  landing  gear  rollover 
when  both  main  gear  tires  passed  between  two  rails. 

6.  Further  testing  of  polyurethane  rails  is  necessary  to  determine  their 
optimum  sp;ting  for  use  u  .  :h  the  A- 7D  (page  40). 
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APPENDIX 
Test  Data 
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APPENDIX  II 
Deficiency  Reports 
For  Action 


Appendix  II  contains  a  summary  of  deficiencies  that  were  submitted 
for  action  in  deficiency  reports  (DR's).  DR's  were  formal  serialized 
reports  officially  recognized  by  the  A-7D  Program  Management  Office.  The 
DR  system  was  used  throughout  the  basic  A-7D  Category  II  program  and  the 
Category  II  FSEP. 

An  "F"  in  front  of  the  DR  numbers  indicates  that  the  deficiency  was 
discovered  in  the  Category  II  FSEP.  Those  DR  numbers  without  an  "F"  were 
discovered  in  the  basic  Category  II  program,  but  were  processed  and  sub¬ 
mitted  during  the  FSEP.  The  first  DR  numbers  indicate  the  sequential  num¬ 
bers  of  working  DR's  which  were  originated,  but  not  necessarily  submitted 
to  the  A-7D  Program  Management  Office  for  action.  The  second  DR  numbers 
indicate  the  sequential  numbers  of  the  formal  DR's  submitted  formally  to 
the  A-7D  Program  Management  Office  for  action. 


A-70  CATEGORY  II  DEFICIENCY  REPORT  (DR) 

AIR  FORCE  FLIGHT  TEST  CFIJTER 
EDWARDS  AFB,  CALIF 

I .  GENERAL:  DATE:  24  May  7 1  HORS  REPORT:  None 

DR  NO:  F406-I84 

ACFT  S/Nt  ALL  HAJ  SUBSYSTEM:  Landing  Gear  WUC:  I 3MOO 

II.  OFF  I  Cl ENCY :  Unreliable  desiqn  of  arresting  hook  subsystem. 

III.  DEFICIENCY  CIRCUMSTANCES/DLSCRIPT I0N/CAUSE: 

Problems  encountered  with  the  A-7U  arrest im  hook  subsystem  seriously  hinder 
the  conpat i b i I i ty  between  the  A-7D  and  Air  Force  arrestinq  near.  This  is  attributed 
to  the  (Jos inn  of  the  hook  shoe  and  hook  actuator  system. 

The  arresting  hook  shoe  (P/N  6I6DS0-ISS)  is  not  properly  designed  for  optimum 
onqaqoment  reliability.  The  nose  of  the  nook  shoo  assumes  an  oM  the  runway  atti¬ 
tude  which  increases  proportionally  with  hook  shank  travel.  Ter  example,  at  40 
deqrees  (from  the  horizontal)  of  hook  travel,  the  nose  c*  the  hook  shoo  is  one-fourth 
i,-~h  above  the  runway;  however,  at  73  deqrees  of  hook  travel,  the  nose  of  the  hook 
shoe  is  fwc  inches  above  the  runway  surface.  Hook  travel  between  bP  donroes  and  Lri 
deqrees  has  boon  typical  at  the  instant  of  enqaqenent.  This  condition  makes  the  hook 
assembly  very  susceptible  to  outside  disturbances,  thus  causino  hook  bounce  and  missed 
enqanements. 

When  the  hook  shank  n  is  traveled  43  deqrees,  t ne  hook  hol  ddown  <orcc  a*  the 
runway  surface  is  370  pounds  while  at  73  decrees,  this  force  reduces  to  2 no  nounls. 

The  reduction  in  hook  holddown  force  at  large  deqrees  of  hook  travel  is  too  qreat. 


$7 


IV. 


LOCAL  CORRECT  I VL  ACTION:  None 


V .  Pit ICILNCY  CLASSIFICATION: 

A.  M|SSION  IMPACT : 

Probable  hook  bounce  and  missed  enqaqenent  of  The  arresting  cable  durinq 
operational  or  emerqency  landinqs. 

Ei.  SAJLTY  HAZARD  CLASSIFICATION  (HI L-S-B3?) :  IV 

C.  CONNECTION  CAT  L'OORY :  Ilandatory 

V I .  RECOUNT NUAT I  OHS : 

I.  Redesiqn  the  hook  shoe  so  that  the  point  stays  on  the  runway  surface,  re- 
°  adless  of  hook  shank  ancle. 


2.  Nedesiqn  the  hook  actuator  system  to  provide  creator  hook  holddown  force 
at  larqe  anqles  of  hook  travel. 


NATHANIEL  OV  OEVOLL,  Major,  USAF  Cys  to:  PMA23b-B/A I Rb I 03F2 
A- 70  Project  Officer  NPNO  Dallas 

HQ  TAC/DMMFO/DRF 

HQ  ASD/ASNNX/ASTDN-30/ASTUN-20/ASTMM/ 
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\-7fi  C  ATI' CORY  II  DCFICIF.hCY  PI  PORT  (DR) 
AIR  FP-fF  Fir.HT  TEST  CENTER 
EDVARDS  ATR,  CAL  IT 


I.  GENERAL : 

DR  ‘10 .  :  F- tog- lift  DATE:  17  June  |R?I  MDRS  JU-PORT:  None 

AC  FT  S/M;  fJ-IJgT  HAT .  .SDSS/YSTFr:  Main  Land  I  no  WC:  1 3AC  ft 

Cear  Tl  re 

II.  D£FICiri!CY:  IJnsat I sf actory  A-7D  main  landing  near  tires. 

III.  C>E  r_  I  c_l  FMC  Y_  _C  I  RCJUMSTANj  .£  S/OCS  C_R  l_PT  I  SE_:  The  main  landing  oear 

tires,  on  A-70  aircraft  S/N  '7-15^3,  were  cut  by  the  Impact  of  the  arrest¬ 
ing  cable  on  C 0  -  JO  percent  of  the  JU  hnrrler/arrestlng  near  engagements 
made  during  the  A-7D  Category  tl  Follow-on  Systems  Evaluation  Program 
(FSEP).  All  tests  were  conducted  using  the  LiAK  I?  or  BAK  13  arresting  gear 
Installation  on  the  South  Rase  Runway  0(,  at  the  AFFTC,  Edwards  AFB, 
California.  Damage  Illustrated  In  photographs  1505-71  and  1500-71  Is 
tvplcal  of  that  sustained  during  a  single  pass  over  the  cable.  The  damage 
shown  In  photographs  1507*71  and  150P-71  Is  typical  of  that  sustained  after 
uslne  the  tire  for  one  or  more,  arresting  gear  engagements  after  the 
original  cutting  had  taken  place  on  a  previous  rua.  Damage  at  times  con¬ 
sisted  of  tread  separation  over  six  Inches  In  length. 

The  fact  that  these  tires  were  used  on  repeated  arresting  cear 
engagements  has  no  bearing  on  the  problem.  If  the  Air  Force  Is  qolm  to 
use  the  A-70  on  runways  having  multiple  arresting  gear  Installed,  running 
over  these  cables  on  takeoff  or  landings  at  speeds  greater  than  jm  knots 
will  cause  damage  as  shown  in  the  attached  photographs. 

The  logistic  support  for  replacing  damaged  aircraft  tires  will  be 
Increased  considerably.  Though  no  tire  blow  outs  were  encountered  durino 
this  test  program,  tread  separation  did  occur.  Tire  blow  outs  are  a 
definite  probability  due  to  this  damage  and  the  dangers  that  are  associated 
with  them.  It  Is  mandatory  that  an  Improved  tire,  be  purchased  for  the 
A- 7b  In  order  to  avert  the  Incldonts/accldnnts  associated  with  tire  Mow 
outs  during  operational  use. 

The  tire  material  should  be  improved  to  withstand  the  arresting 
cable  slaw  when  passing  over  It.  The  new  tire  must  also  be  designed  to 
operate  at  a  higher  speed  than  !7*t  knots. 

IV.  LOCAL  CORRECTIVE  ACTION:  Frequent  tire  changes  we  re  made  when  the 
tire  cuts  annenred  to  be  excessive.  The  aircraft  wa s  limited  to  larding 
seceds  brio:/  the  171*  knot  tire  limit  speed  during  this  test.  There  was 
no  reason  to  land  or  takeoff  over  an  arresting  cable  on  the  Edwards  Am 
main  runway,  so  this  tire  damage  was  not  encountered  during  normal  day-to- 
day  operation. 


" .  HE  PIC  I  F’iCY  CLASSJ  FJ  nvnoii ; 

A.  M I S S IOH  IMPACT :  If  the  A- 70  operates  fron  bases  with  multiple 
arresting  pear,  Increased  loolstlc  supnort,  possible  damaoe  to  aircraft 
fron  blown  tires,  and  possible  Injury  to  personnel. 

fl  •  AA.F.EtY  JV\?ard  class  i  r  icajt  i  o;i  (;m -J5-3J3I  jo)_:  1 1 ! 

C.  CORRECTION  C AT F CORY :  Mandatory 


VI.  RECOMMENDATI OfJS :  Procurement  of  an  Improved  A- 70  main  landlne  pear 
tl  re. 


'/ilt/d-'/ltt- 

NATHANIEL  0.  DEVOLl,  Major,  USA^ 
A-70  Project  Officer 
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2.  1G0A-71 

3.  1507-71 
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1.  T.O.  1A-7D-1,  A-7D  Flight  Manual,  15  June  1970,  changed  1  January 
1971. 

2.  T.O.  35E8-2-5-1,  Aircraft  Arresting  Barrier-Model  BAK-12/E32A,  15 
January  1968,  changed  1  April  1968. 

3.  T.O.  35E8-2-7-1,  Aircraft  Arresting  System  -  Model  BAK-13/F48A,  1 
November  1969. 

4.  T.O.  1A-7D-2-7,  Landing  Gear  Systems  A-7D,  15  September  1970, 
changed  1  April  1971. 

5.  Lucero,  Frank  N. ,  BAK-12/E32A  Portable  Aircraft  Arresting  Barrier, 
FTC-TDF-6 3-6 4 ,  Air  Force  Flight  Test  Center,  Edwards  Air  Force  Base, 
California,  November  1963. 

6.  York,  David  A.,  First  Lieutenant  USAF,  Phase  I  Test  and  Evaluation 
of  the  BAK-13/F48A  Aircraft  Arresting  System,  FTC-TR-69-3,  Air  Force 
Flight  Test  Center,  Edwards  Air  Force  Base,  California,  May  1969. 

7.  Fairchild,  Frederic  P. ,  First  Lieutenant  USAF,  and  Hover,  Robert  C. , 
Major  USAF,  Category  II  F-111A  Arresting  Systems  Compatibility  Tests, 
FTC-TR-69-9 ,  Air  Force  Flight  Test  Center,  Edwards  Air  Force  Base, 
California,  June  1969. 
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FTC-TR- 71-32 ,  Category  II  A-7D/Arresting 
Systems  Compatibility  Tests,  Air  Force  Flight  Test 
Center,  Edwards  AFB ,  California,  July  1971. 

Figures  27  and  32  of  the  original  technical  report  are  in 
error.  The  attached  figures  should  be  substituted  for  them. 
These  corrected  data  plots  still  compare  reasonably  well  within 
limits  of  data  scatter  experienced,  to  references  5  and  6  of 
FTC-TR-71-32  as  stated  on  page  39  of  that  report.  The  values 
on  the  corrected  data  plots  are  somewhat  higher,  however.  The 
higher  tape  loads  shown  are  of  no  significance  to  the  A-7D  air¬ 
craft  and  figures  12  and  13,  which  show  the  maximum  aircraft 
hook  loads,  are  valid.  Corrections  to  figures  27  and  32  have 
no  effect  on  the  conclusions  and  recommendations  to  this  report. 
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